Anticoagulation prophylaxis for stroke is recommended for at-risk patients with either persistent or paroxysmal atrial fibrillation (AF). We compared outcomes in patients with persistent vs. paroxysmal AF receiving oral anticoagulation.
Introduction
Atrial fibrillation (AF) is a progressive disorder, often transitioning from intermittent to continuous arrhythmia. Patients experiencing episodic AF, self-terminating within 7 days, are said to have paroxysmal AF; patients whose arrhythmia persists beyond 7 days (or requires intervention to terminate) are considered to have persistent AF. Several prior studies have documented symptomatic, physiologic, and anatomic differences between patients with paroxysmal and persistent AF. 1, 2 This categorization of AF can also have important implications for approaches to maintain sinus rhythm. 3 All the patients with AF are at an increased risk of thrombo-embolism (stroke or systemic embolism) compared with patients without AF, and anticoagulation therapies are recommended in all patients with AF who are at moderate-to-high risk of stroke. 4, 5 The distinction between paroxysmal and persistent AF has not been used to guide choice of stroke prophylaxis, as it remains unclear whether patients with persistent AF are at higher risk compared with those with paroxysmal AF, particularly in patients with additional risk factors for stroke. 6 The objectives of the current analysis were to (i) measure the differences, if any, in outcomes between anticoagulated patients with persistent vs. paroxysmal AF who had additional risk factors for stroke, and (ii) determine whether there was a difference in treatment effect between rivaroxaban and warfarin in these groups.
Methods
This was a post hoc analysis of the Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention of Stroke and Embolism (ROCKET-AF) trial. The design of the ROCKET-AF study has been previously described (NCT00403767). 7 In brief, ROCKET-AF was a prospective, randomized, double-blind, placebo-controlled trial of fixed-dose rivaroxaban vs. adjusted-dose warfarin for the prevention of stroke or systemic embolism in patients with non-valvular AF at a high risk of stroke. All the patients had to have electrocardiographic evidence of AF within 30 days prior to randomization; additionally, they had to have medical evidence of AF within the previous year. Patients were categorized by the enrolling physician at baseline as having either paroxysmal (lasting ≤7 days at any time) or persistent AF (.7 days at a time); no other AF types were provided as choices. Patients were subsequently assessed in clinic at least as frequently as every 4 weeks, and this included ascertainment of interval events. The present study included all patients randomized in the ROCKET-AF trial [intention-to-treat (ITT)]. Patients were grouped according to the type AF at baseline enrolment (paroxysmal or persistent) according to pre-specified diagnostic criteria and prior to any analysis of the data. Patients with new-onset AF at baseline [1.4% (n ¼ 202)] were excluded from this analysis. Baseline characteristics and outcomes were compared between these groups (paroxysmal or persistent). Outcomes were further stratified by subgroups of interest: CHADS 2 scores (2 vs. ≥3), 8 duration of AF diagnosis (≤6 vs. .6 months), baseline electrocardiogram (ECG) (AF or atrial flutter vs. other), presence of congestive heart failure (CHF), history of prior stroke, and presence of significant renal dysfunction (defined as creatinine clearance ,60 mL/min).
9
Outcomes Pre-specified outcomes in the ROCKET-AF trial have been described previously. 7, 10 The present analysis compared outcomes between paroxysmal or persistent AF, as defined at baseline. The primary efficacy endpoint for this analysis was stroke (ischaemic or haemorrhagic) or systemic embolism in the ITT population. Additional secondary outcomes included stroke only, transient ischaemic attack (TIA) only, stroke or TIA, all-cause mortality, and a composite of stroke, systemic embolism, or death. As in other ROCKET-AF analyses, 93 patients were excluded from the efficacy analyses due to violations of Good Clinical Practice at the enrolling centre. The safety outcome of major bleeding was assessed, and limited to the safety population (patients in the ITT population who received at least one dose of study medication).
Statistical methods
Baseline characteristics are presented as per cent (count) for categorical variables and as medians (25th, 75th percentiles) for continuous variables. Groups were compared using Wilcoxon rank-sum tests for continuous variables and Pearson chi-square tests for categorical variables. For each of the end-points, event rates (events per 100 patient-years and total events) were generated. Comparisons were performed using Cox proportional hazards models. All models were adjusted for variables found to be predictive of efficacy and safety end-points in the full ROCKET-AF cohort. 9 Where missing, covariates were imputed using the median for continuous variables and the mode for categorical variables. 13 The above efficacy and safety models also contained randomized treatment (rivaroxaban or warfarin). Hazard ratios (HRs) [with 95% confidence intervals (CI)] and P-values are presented. In analyses of subgroups, a similar approach was used: event rates (events per 100 patient-years and total events) were generated for each combination of AF type (paroxysmal or persistent) and subgroup. The same Cox proportional hazards models were used, with the addition of a term for the subgroup (where not already in the model) and for the interaction between subgroup and AF type. Hazard ratios (with 95% CIs) for paroxysmal vs. persistent AF within each subgroup, along with the interaction P-value, were calculated.
To assess the difference in treatment effect, if any, between rivaroxaban and warfarin across AF type, the above models were used with the addition of a term for the interaction between treatment assignment and AF type. Hazard ratios (with 95% CIs) for rivaroxaban vs. warfarin within each AF type, along with the interaction P-value, are presented.
All the patients provided written, informed consent and all statistical analyses were performed by the Duke Clinical Research Institute (Durham, NC) using the SAS software (version 9.2, SAS Institute, Cary, NC, USA).
Results

Patient characteristics
Characteristics of the patients, stratified by AF type at baseline, are shown in Table 1 . Treatment assignment was balanced across AF types. Compared with patients with persistent AF at baseline, those with paroxysmal AF were slightly younger (median age 72 vs. 73 years, P ¼ 0.03), more likely female (45 vs. 39%, P , 0.0001), with lower baseline heart rate (median 72 vs. 76 beats/min, P , 0.0001), and lower rates of diabetes (37 vs. 41%, P ¼ 0.0003) and CHF (56 vs. 64%, P , 0.0001). However, mean CHADS 2 (3.5 for each, P ¼ 0.3) and CHA 2 DS 2 -VASc (4.9, P ¼ 0.07) scores were both balanced between patients with paroxysmal and persistent AF, and rates of prior thrombo-embolic evens were higher in patients with paroxysmal AF (prior stroke, TIA, or systemic embolism 59 vs. 54%, P , 0.0001). There were also differences in prior vitamin K antagonist therapy (paroxysmal, 56 vs. 64% for persistent, P , 0.0001) and prior chronic aspirin use (paroxysmal, 41 vs. 35% for persistent, P , 0.0001).
Treatments during the follow-up
There was no imbalance in allocation to rivaroxaban or warfarin by AF type; half of patients with paroxysmal and persistent AF were randomized to rivaroxaban and half were randomized to warfarin. During the follow-up of patients allocated to warfarin, the TTR was similar between patients with paroxysmal and persistent AF (57 vs. 58%, P ¼ 0.94).
Use of aspirin during the follow-up was balanced between patients with paroxysmal AF (21%) and those with persistent AF (20%). The mean duration of aspirin use during the trial was 19 months in both, and the mean dose was 90 mg for those with paroxysmal AF and 88 mg for those with persistent AF. Electrical cardioversion was performed infrequently-144 in total. There were 58 (2.3%) in the paroxysmal AF group and 86 (0.7%) in the persistent AF group.
Outcomes by atrial fibrillation type
Adjusted efficacy and safety outcomes, by AF type, are shown in Table 2 . Patients with paroxysmal AF had significantly lower rates of stroke (adjusted HR: 0.78, 95% CI: 0.61-0.99, P ¼ 0.045), all-cause mortality (adjusted HR: 0.79, 95% CI: 0.67-0.94, P ¼ 0.006), and the composite of stroke or systemic embolism or death (adjusted HR: 0.82, 95% CI: 0.71-0.94, P ¼ 0.005). Kaplan-Meier curves for all-cause mortality, stratified by AF type, are shown in Figure 1 .
The results were consistent throughout follow-up. Among patients with paroxysmal AF, there was not any initial greater excess of stroke or systemic embolism during the first month after randomization that could have been attributed to a lower prevalence of anticoagulation by VKA prior to randomization (Figure 1) .
Lower hazards for patients with paroxysmal AF were consistent across subgroups of the CHADS 2 score, CHF diagnosis, presence of chronic kidney disease, and history of stroke, for the composite Efficacy end-point models were adjusted for the following: age, sex, body mass index, region, diabetes, prior stroke/TIA, vascular disease (myocardial infarction, peripheral artery disease, carotid occlusive disease), congestive heart failure, hypertension, chronic obstructive pulmonary disease, diastolic blood pressure, creatinine clearance (calculated using Cockcroft-Gault equation), heart rate, and abstinence from alcohol. Safety end-point models were adjusted for the following: age; sex; region; prior stroke/TIA; anaemia; prior gastrointestinal bleed; chronic obstructive pulmonary disease; diastolic blood pressure; creatinine clearance (Cockcroft-Gault equation); platelets; albumin; and prior aspirin, vitamin K antagonist, or thienopyridine use. AF, atrial fibrillation; CI, confidence interval; HR, hazard ratio; SE, systemic embolism; TIA, transient ischaemic attack.
end-point of stroke, systemic embolism, or death ( Figure 2 and Supplementary material online). There was a significant interaction between AF type and (a) baseline rhythm (AF/atrial flutter vs. sinus/other, P interaction ¼ 0.02), and (b) duration of AF diagnosis (≤6 vs. .6 months, P interaction ¼ 0.02).
Outcomes by treatment assignment
Adjusted outcomes comparing rivaroxaban vs. warfarin-assigned patients, stratified by AF type, are shown in Table 3 . Corresponding Kaplan-Meier curves of the primary end-point, for each of the four groups, are shown in Figure 3 . The relative treatment effects of rivaroxaban vs. warfarin were consistent among patients with persistent AF and paroxysmal AF. The number of stroke or systemic embolism events per 100 patient-years in those treated with rivaroxaban compared with warfarin was consistent among patients with paroxysmal AF (1.73% rivaroxaban vs. 
Discussion
Of the 14 264 patients randomized in the ROCKET-AF trial, a sizable minority (18%) had paroxysmal AF at baseline. While patients with persistent AF had some higher-risk features, compared with those with paroxysmal AF, CHADS 2 and CHA 2 DS 2 -VASc scores were equivalent. After adjustment, thrombo-embolic and mortality outcomes were consistently higher in patients with persistent AF, and this association endured across high-risk subgroups (including patients with prior stroke). There did not appear to be significant differences in event rates between rivaroxaban and dose-adjusted warfarin, across AF type. Several prior cohorts have suggested no difference in outcomes between patients with paroxysmal or persistent AF. 14 -16 However, there are important distinctions of these studies. For example, in the GISSI-AF post hoc analysis, a total of 1234 patients were studied, and antithrombotic rates varied significantly between paroxysmal and persistent (76 vs. 96%, P , 0.0001). 14 Furthermore, mean CHADS 2 scores were dramatically lower compared with those in ROCKET-AF (1.4 vs. 3.5). Similarly, a post hoc analysis of the ACTIVE-W trial included patients with mean CHADS 2 scores of 1.8 -2.0; and while anticoagulation was not uniform by design, there were imbalances of the randomization scheme between paroxysmal and persistent AF patients (65% warfarin for paroxysmal vs. 85% for sustained AF, P , 0.0001). 15 Lastly, in an analysis of 5533 patients in the Euro Heart Survey, the authors identified dramatic differences in the use of oral anticoagulation rates across several AF types (ranging from 45 to 79%, P , 0.001), and highly dynamic subsequent management in these patients. 16 Overall, these studies have been significantly smaller than the present analysis (limiting their relative power); they frequently have lower risk and more heterogeneous populations (confounding comparisons); and most importantly, none of these previously reported analyses included consistently anticoagulated patients. The use of anticoagulation in all patients likely had a significant impact on our findings, as historical stroke/TIA events and anticoagulation use trended in opposite directions in paroxysmal AF patients in our cohort-they were less likely to be previously exposed to anticoagulation but more likely to have had prior stroke or TIA. Following uniform anticoagulation between the groups (at randomization), our data demonstrate that patients with persistent AF have worse outcomes, including thromboembolic events and mortality. Our findings extend observations from the Randomized Evaluation of Long-Term Anticoagulation Therapy (RE-LY) and Apixaban for Reduction in Stroke and Other Thrombo-embolic Events in Atrial Fibrillation (ARISTOTLE) trials-patients enrolled in ROCKET-AF had substantially higher CHADS 2 scores than either of those trials (mean 3.5 in ROCKET-AF vs. 2.1 in RE-LY and ARISTOTLE). 17, 18 In our analysis, CHADS 2 scores, CHA 2 DS 2 -VASc scores, and the intensity of anticoagulation were all balanced between patients with paroxysmal AF and those with persistent AF. Even in patients at such high stroke risk, those with persistent AF still demonstrated worse survival and higher risk of thrombo-embolic events. Furthermore, the effect on mortality appears to be a sustained phenomenon, as event curves continue to separate out to 2.5 years of follow-up. These data provide important insights into the risks associated with more advanced forms of AF (i.e. those with persistent AF). While the risk of stroke has been clear and remains present in patients with paroxysmal AF, it was not clear that outcomes are worse in patients with persistent AF once stroke risk is treated with oral anticoagulation. Our data demonstrate that, in the setting of adequate anticoagulation with either dose-adjusted warfarin or rivaroxaban, persistent AF is associated with worse outcomes, and this finding has important implications for overall AF treatment strategies aimed at improving outcomes, including survival. It suggests that the worse outcomes associated with advanced AF are unlikely to be attributable to stroke risk alone, and may instead be related to electromechanical or haemodynamic sequelae of the rhythm. Notable prior studies have failed to demonstrate a substantive survival benefit to maintaining sinus rhythm; however, several concerns have been raised with these data and they were not specific to advanced AF. 19 -21 Our analysis suggests there is an opportunity for improving outcomes of patients with advanced AF, potentially Figure 2 Forest plot of the composite end-point of stroke, systemic embolism, or death for paroxysmal vs. persistent atrial fibrillation, stratified by high-risk subgroups. All strata assessed at baseline. AF, atrial fibrillation; AFL, atrial flutter; CHF, congestive heart failure; CKD, chronic kidney disease; ECG, electrocardiogram; SE, systemic embolism.
Higher risk of death and stroke in patients with persistent vs. paroxysmal atrial fibrillation through disease-state modification. Rhythm control strategies such as catheter ablation have been shown to slow progression, and may provide an opportunity to improve clinical outcomes. 22 There is also emerging evidence supporting the use of such procedures in patients with persistent AF. 23 However, strategies such as risk factor modification may also provide additional opportunities to slow the disease progression. 24 The lower risk of thrombo-embolic events and death in patients with paroxysmal AF, compared with persistent AF, was particularly pronounced in two subgroups-patients with the diagnosis of AF .6 months prior to baseline, and those with rhythms other than AF or atrial flutter on baseline ECG (P interaction ,0.05 for each). While these remain hypothesis-generating results only, there are potential explanations that deserve further study. The effect of AF duration may reflect diagnostic biases in patients with more recent diagnoses, but both AF duration and ECG rhythm may also reflect measures of burden of AF arrhythmia. Patients not in AF or atrial flutter at baseline represent those with AF less likely to be captured on any single ECG. Burden of AF has been an intensely studied topic, and one of great debate. The Asymptomatic Atrial Fibrillation and Stroke Evaluation in Pacemaker Patients and the Atrial Fibrillation Reduction Atrial Pacing Trial (ASSERT) study suggested as little as 6 min of AF increased stroke risk, 25 and additional studies have demonstrated some dose-response effect-that is, more AF portends worse thrombo-embolic outcomes. 26 Yet to date, neither AF type nor AF burden is included in guideline-recommended risk stratification for thrombo-embolism prophylaxis. This is likely due in part to the difficulties of defining and measuring paroxysmal episodes of AF, and additional studies of the implications of AF burden for treatment decisions are required. However, patients with paroxysmal AF remain at significant risk of stroke, relative to patients without AF, and current evidence does not support withholding anticoagulation in these patients. In contrast, our data suggest that the use of more aggressive stroke prevention in patients with persistent AF, who are otherwise at lower risk, deserves further study. The treatment effects of rivaroxaban vs. adjusted-dose warfarin were not different between patients with paroxysmal vs. persistent AF. This finding is consistent with prior data, suggesting both groups benefit from oral anticoagulation, particularly among patients at high risk of stroke at baseline. 15, 27 However, those patients at the highest risk of adverse outcome often derive the greatest benefit from aggressive therapies; in our analysis, patients with persistent AF were at substantially higher risk of thrombo-embolic events and death. This may explain, in part, the variance in the hazards of rivaroxaban vs. dose-adjusted warfarin by AF type. However, none of the differences was statistically significant and wider confidence intervals indicate relatively under-powered assessments.
Limitations
The current study represents a post hoc analysis of the ROCKET-AF trial, and is largely hypothesis generating. The classification of AF type was made at the site level at baseline and there may be variation (despite pre-specified definitions) or changes in AF type or burden over time that are not captured. Additionally, patients with paroxysmal AF represented a minority of the overall cohort, and power to detect differences in outcomes by treatment may be limited relative to the overall trial population. This is particularly pronounced for patients with low CHA 2 DS 2 -VASc scores-low numbers of patients and events limits additional analyses at this low-risk end of the spectrum. Furthermore, although treatment assignment was balanced and multivariable adjustment was performed, we cannot exclude sig- paroxysmal and persistent AF patients. Lastly, generalizability may be limited: these data are derived from a randomized trial population; few warfarin-treated patients had TTR .70%; and patients were generally of high stroke risk.
Conclusions
Among patients at a high risk of stroke who are receiving anticoagulation, those with persistent AF have a higher risk of thrombo-embolic events and death compared with those with paroxysmal AF. This effect is consistent across subgroups, and outcomes in both AF types did not differ between patients treated with rivaroxaban vs. dose-adjusted warfarin. These data have important implications for the management of patients with advanced AF, and additional data are needed regarding the potential benefit of therapies aimed at reducing AF persistence.
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